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Adult Fishway Systems - Multiple Entrance Strategy, Effectiveness,  
and Design Considerations 
 
Lynn A. Reese, P.E., Hydraulic Engineer (Fish Passage Regional Technical Specialist),   
United States Army Corps of Engineers (USACE), Walla Walla District  
 
1 Introduction 
The purpose of this paper and associated presentation at the Symposium of Ecological Connec-
tivity in Karlsruhe, Germany (12-13 June 2012) is to share experiences in America regarding hy-
draulic design and biological effectiveness of multiple adult fishway entrances for USACE Walla 
Walla District hydropower dams in the U.S. Pacific Northwest on the lower Snake River (LSR) and 
Lower Columbia River (LCR) systems.  Multiple fishway entrance examples are discussed with 
information presented on project features, hydraulic criteria, design considerations, project opera-
tions, and entrance effectiveness.   
 
2 Background 
LSR and LCR systems have one of the world’s largest runs of migrating salmonids (chinook 
salmon, sockeye salmon, and steelhead) passing fish from the states of Idaho, Oregon, and Wash-
ington to the Pacific Ocean.  These projects are equipped with extensive features for safely pass-
ing both juvenile and adult fish.  USACE, Walla Walla District, operates four dams on the LSR in 
southeastern Washington state (Lower Granite, Little Goose, Lower Monumental, and Ice Harbor) 
and one dam on the LCR on the Washington/Oregon state border (McNary).   Mean LSR and LCR 
discharges during spring salmonid migration is approximately 2800 and 7400 cubic meters per 
second (cms), respectively.  Power generation capacity for the combined LSR projects is 3033 
megawatts and for McNary Dam is 980 megawatts.   
 
McNary (the most upstream project on the LCR that went into service in 1953) is a 20-meter head 
dam with an overall length of 2245-meters with a fourteen-unit powerhouse (433-meters long with 
about 464 cms per unit), twenty-two spillbays, and a navigation lock.  In contrast, Lower Granite 
(the most upstream LSR project that went into service in 1975) is a 30-meter head dam with an 
overall length of 975-meters with a six-unit powerhouse (200-meters long with about 570 cms per 
unit), eight spillbays, and a navigation lock.  
   
There are migrating fish stocks of salmonids within the Columbia-Snake River System that are 
listed under the U.S. Endangered Species Act (ESA). These fish hatch in freshwater, migrate to 
the ocean where they mature, and then return to freshwater to spawn.  Depending on the species, 
this process can take over four years.  Historically on the Snake River, fish spawned as far as 
1500-kilometers from the mouth of the Columbia River.  Other species found within adult fishway 
systems include shad, sturgeon, lamprey, and bull trout. 
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3 McNary Dam - Multiple Entrance Example  
3.1 Features and Fish Passage Criteria 
McNary Dam reflects not only older fishway design concepts and lessons learned over time, but it 
also highlights the incorporation of updated biological criteria and the application of new technolo-
gies including new entrance concepts being developed for a non-salmonid species.  McNary’s cur-
rent adult fish passage facilities, with separate north and south shore components (see Figures 1A 
and 1B), are described as follows:    
 
Figure 1:  (A) McNary Dam Aerial Photo                   (B) McNary Dam Entrance Schematic  
 
     >  The north shore facilities consist of a fish ladder with a counting station, submerged orifice 
Passive Integrated Transponder (PIT) tag antennas in the ladder, a collection system (three main 
downstream entrances [two normally used] plus a side entrance at the spillway basin [currently 
closed], and a gravity fed auxiliary water supply system with a small turbine installed.   
     >  The south shore facilities include a fish ladder with counting station, submerged orifice PIT 
tag antennas in the ladder, antennas at the counting station, a fishway entrance system (two south 
shore entrances and a powerhouse collection system), and an auxiliary water supply system (grav-
ity and three pumps rated at 70 cms).   The powerhouse collection system contains three main 
downstream entrances and one side entrance at the spillway basin near the north end of the pow-
erhouse (two downstream entrances normally used), twelve operating floating orifice entrances, a 
common collection channel, and an auxiliary water supply system provided by the previously men-
tioned gravity / pumped systems.   
     >  Main entrances have adjustable telescoping overflow weirs that are 4.57-meters wide with 
targeted flow depths (tailwater to weir tops) of 2.44-meters.  The hydraulic head is targeted be-
tween 0.31- and 0.46-meters with discharges as high as 26 cms.   
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     >  Powerhouse submerged floating orifices have openings that are 0.61-meters high by 1.83-
meters wide.  The orifices float using buoyancy tanks that are set to an orifice center line depth of 
about 1.22-meters below tailwater.  The hydraulic head is about 0.30-meters with a discharge of 
about 1.70 cms. 
     >  Junction / transition pools are used to connect main fishway entrances to collection channels.  
The collection channel across the powerhouse is 5.33-meters wide with depths typically exceeding 
7-meters.  It contains four pairs of wing gates spaced at nearly uniform intervals across the power-
house that can be used to maintain the collection channel water surface at a proper level with re-
spect to tailwater.  Channel velocities are targeted between 0.30- and 1.22-meters per second 
(mps). 
 
It’s interesting to note that as better biological information became available over time, operational 
changes were made to improve fish passage results.  Examples include: (1) reducing the number 
of operating floating orifice entrances from forty-four to twelve which allowed for an increase in 
main entrance attraction flow without significantly impacting overall floating orifice performance; (2) 
increasing main entrance weir depths (from 1.83- to 2.44-meters) and hydraulic head (from 0.08- to 
as high as 0.46-meters) in order to enlarge entrance flow areas and to boost attraction flow rates; 
and (3) eliminating the use of a back transportation channel (constructed to provide fish entering 
the main entrances between the spillway and the powerhouse with a means to direct access to the 
south shore ladder) since relatively low numbers of fish exited the fishway through floating orifice 
entrances.     
 
3.2  Hydraulic Evaluations  
Hydraulic operation of the adult fish passage facilities were evaluated in 1986-87 to estimate dis-
charge capacities of auxiliary water supplies (pumped and gravity), to determine how well design 
requirements were being met, and to optimize operations of the existing system.  The hydraulic 
analysis was completed using three different computational methods to calculate system dis-
charge: physical model fishway entrance data, a computer math model of the pipe network system, 
and pump rating curves.  Information obtained from this study led to a better understanding of the 
facility which in turn resulted in improved project operations.  It also identified important mainte-
nance related issues that needed to be further evaluated.     
 
3.3  Entrance Effectiveness 
Adult fishway entrance use and movements within McNary Dam fishway were monitored in 1996 
by recording the movements of chinook salmon tagged with radio transmitters.  The amount of flow 
released over the spillway during the evaluation ranged from 40 to 65 percent of total river flow.  
Median passage times from tailrace receivers located about 2.5-kilometers downstream from the 
dam to the first recorded approach at an entrance were about 2.5 hours.  Median time from first 
approach to first entry into a fishway was about 3 hours.  When all approaches at fishway en-
trances were considered, approaches were most frequent at four of the twelve orifice gates.  How-
ever, the majority of first and subsequent entries into the fishway occurred at the north shore and 
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south shore entrances.  Of fish that entered the fishway, 45 percent entered only once with the 
average number entering a median of 2 times each.  Few fish returned to the river by exiting at 
orifice gates.  
  
3.4  Entrance Design for a Non-Salmonid Species 
Pacific lamprey passage through adult salmonid fishway systems is poor.  About 40 percent of 
radio tagged lamprey released below a dam pass the top of ladders.  Because there are many 
gaps in knowledge concerning Pacific lamprey behavior, passage, and life cycle, an adaptive man-
agement approach is being followed to develop useful lamprey related passage modifications at 
the project.  Pacific lamprey are poor swimmers when compared to salmonids and nearly all sal-
monid-based velocity criteria at fishway entrances and in the fish ladders may be too high for lam-
prey to navigate without being delayed or using excessive energy.  Because of vast differences in 
swimming ability and behavior, modifications that can be made to improve hydraulic conditions for 
lamprey are limited while keeping the fishway functional for ESA-listed salmonids.  Some of the 
hydraulic and biological guidance being used in current design work for lamprey includes keeping 
velocities to 1.22 mps or less, directing attraction flow plumes downward, and eliminating or reduc-
ing eddies wherever practical.  
 
A potential operational solution that is being tested at McNary’s south fishway entrance is to re-
duce fishway entrance velocities at night when lamprey are most active and salmonids are not.  
This is done by lowering entrance weirs to the lowest elevation possible (lowering the head differ-
ential) and thus reducing the entrance velocities while maintaining the discharge of water exiting to 
the tailrace.  Another approach to improving entrance efficiency is to modify existing main entrance 
weirs and floors to reduce velocities to make it easier for adult lamprey to enter the fishways.  To 
assist lamprey in finding and entering the adult fish ladder at McNary Dam south shore, a prototype 
lamprey entrance structure has been developed using a physical model to evaluate different de-
sign alternatives.  The structure consists of a ported hood box with multiple rows of entrances, a 
baffle box section, and a trash rack.  The installation of the lamprey prototype entrance structure is 
scheduled for 2013 or 2014.   
 
4 Summary Points  
Important multiple entrance related observations, design considerations, and operational strategies 
based on experiences (primarily salmonid but with implications for non-salmonids) at USACE dams 
on the LSR and LCR systems include:  
     >  Migration rates will vary with species, year, season, and environmental conditions.  In gen-
eral, salmonids appear to move through the combination of LSR and LCR dams and reservoirs at 
rates similar to unimpounded reaches.   
     >  The smaller size of river and dams on the LSR, relative to the LCR projects, generally makes 
it easier to negotiate for adult migrants.   
     >  High flow, with associated high spill and turbidity, affect fish passage behaviors at the dams.   
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     >  Where fish approach a dam is probably related to the amount and location of discharges.  
Ease of following attractive flow to an entrance (e.g. fish getting caught in large tailrace eddies ver-
sus a straight shoreline approach to an opening where salmonids tend to orientate along shore-
lines when migrating upstream) is an important factor.     
     >  Fish typically make multiple approaches to fishway entrances.  When all approaches are 
considered, the highest numbers are at powerhouse collection gallery orifice gates, an indication 
that fish are attracted by the turbine outflows. 
     >  In general, fish more readily enter the largest openings with the greatest attractive flow.  Fish 
typically make the greatest use of entrances along shorelines, probably because adult salmonids 
tend to orientate along shorelines when migrating upstream.  Larger fishway entrances are located 
at both ends of powerhouse collection channels and adjacent to spillways.   
     >  Although many fish approach orifice-gate entrances across the face of powerhouses, fewer 
fish relative to main entrances enter through these smaller openings.  This may be an indication 
that fish have difficulty sensing attractive flows from orifice gates amongst the turbine outflow, even 
though they approached these openings close enough to be detected.  It is also possible that fish 
are more hesitant to enter smaller openings.   
     >  Most fish that exit from collection channels are from entrances closest to the bottom of the 
ladder, entrances at the end of powerhouses, and entrances to ladders adjacent to a spillway.  
Relatively few exit via orifice gates.  Non-uniform flows in transportation channels, lack of sufficient 
attractive flow, temperatures, or a combination of these or other variables may contribute to behav-
ior in transition pools that may lead to fish exiting entrances. 
     >  Most fishway entrances at the different dams have more entries than exits.  It is generally not 
suggested that fishway entrances that have lower net entry rates be closed, but instead methods to 
reduce fallout from fishways should be explored as the preferred strategy.  For example, a modi-
fied fishway fence installed in 1997 in the collection channel at Lower Granite Dam was effective at 
reducing the number of fish that exited the entrance at the north end of the powerhouse.  Another 
example from Lower Granite is where fish ladder weirs at the bottom of the fishladder were modi-
fied to increase velocities in the transition pool, resulting in a decrease in the proportion of fish turn-
ing around and exiting the entrances.    
     >  It is important that the hydraulics of the fishway system (including tailrace conditions) be fully 
understood and periodically evaluated in order to check and optimize fishway operations.   
     >  Understanding the behavior of targeted fish species is essential in locating, designing, and 
operating optimal fishway entrances.  As new biological information is gathered on fish species 
(previously targeted or new), it is possible to make operational as well as structural modifications to 
optimize fishway performance.   
     >  An adaptive management approach can be used to develop potential fish passage related 
modifications for species where there may be many gaps in biological knowledge. 
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